**Core tip:** Growing evidence demonstrates the important role of probiotics in the treatment of ulcerative colitis (UC), however past reviews evaluating the efficacy of probiotics as UC treatment often demonstrate significant heterogeneity, making it difficult to interpret results accurately. In this systematic review and meta-analysis, only one disease state, one probiotic and one population are reviewed and a focused analysis is conducted on the effects of the probiotic Medilac-S^®^ in conjunction with conventional drug therapy to improve symptoms of UC and induce clinical remission within a Chinese population.

INTRODUCTION
============

Ulcerative colitis (UC) is an inflammatory bowel disease (IBD) of the colonic gastrointestinal (GI) tract, characterized by chronic, recurring inflammation, irritation and the formation of ulcers on the inner lining of the large intestine\[[@B1]\]. While the etiology of UC remains unknown, growing evidence suggests a connection between UC pathogenesis and host-specific microbial composition changes within the colonic environment\[[@B2]\].

The average human GI tract contains an estimated 1000 bacterial species\[[@B3]\], which form the microbial communities involved in regulating various aspects of normal host physiology, including host nutrition and metabolism, protection against pathogens and immunomodulation\[[@B4]\]. Recent studies show the enteric microbiota play a fundamental role in the onset of GI disorders, including IBD, as a result of overly aggressive immune responses to the natural microflora in genetically predisposed individuals\[[@B1],[@B2]\]. The immune response may result in loss of the natural balance of intestinal microbiota, commonly known as gut dysbiosis\[[@B5]\].

Traditionally, IBD has been categorized as a disease of the western and developed world\[[@B6]\]. However, incidence rates are increasing across the globe, particularly in Asian countries, such as China, where rapid industrialization and urbanization are also thought to be contributing factors in growing UC onset\[[@B7]\].

Several pharmacological anti-inflammatory therapies, such as corticosteroids and aminosalicylates, have been at the forefront of UC therapy for a number of decades\[[@B8]\]. However, evidence for the critical role of intestinal microflora in UC pathogenesis\[[@B2],[@B9]\] has led researchers to suggest the development and use of alternative therapies, such as probiotics, for the management and treatment of UC\[[@B10]\].

Probiotics are defined by the WHO as live microorganisms which confer health benefits to the host when administered in adequate amounts\[[@B11]\]. In clinical and pre-clinical studies, probiotics have been shown to stimulate anti-inflammatory effects by influencing inflammatory cytokine levels and aiding in the production of mediators involved in gut permeability regulation\[[@B12],[@B13]\]. As such, probiotics may be used to modify the gut microbiota towards a more remedial composition to control mucosal inflammation and decrease symptoms of UC\[[@B12],[@B13]\].

Several systematic reviews and meta-analyses have shown specific probiotics can improve rates of symptom remission and maintenance in patients with UC\[[@B14]-[@B17]\]. A meta-analysis completed in 2013\[[@B15]\], and another in 2017\[[@B18]\], revealed that the use of the probiotic VSL \#3 significantly improved remission rate in UC patients. An older study completed in 2004 found the probiotic preparation of *Escherichia coli* Nissle 1917 to be as effective as the 5-aminosalicylic acid (5-ASA) mesalazine in maintaining remission in patients with UC\[[@B18]\].

A number of clinical studies completed in China have also provided evidence for probiotics as effective agents in the induction and maintenance of UC symptoms; however the primary focus has been on the probiotic formulation Medilac-S^®^. Medilac-S^®^ is sold by Hanmi Pharmaceuticals in Asia, primarily China and South Korea, where it is registered as a pharmaceutical. It is composed of two probiotic bacteria, *Enterococcus faecium* R0026 and *Bacillus subtilis* R0179, at a ratio of 90:10 respectively. This product has also been used in other applications, such as the management of symptoms of irritable bowel syndrome, acute gastritis, liver cirrhosis and improving outcomes associated with *Helicobacter pylori* therapy\[[@B19]\].

These Chinese clinical studies were conducted in accordance with guidelines from the Chinese Society of Gastroenterology\[[@B20]-[@B23]\] and demonstrate unique uniformity amongst trial designs and populations. The level of homogeneity allows for more accurate comparisons and data analysis of pooled study results, however the studies are rarely published in international or English journals, making it more difficult for the global research community to gain further insight.

Only one systematic review and meta-analysis, published in a Chinese journal by Hu et al\[[@B24]\], has, to date, discussed the efficacy of the probiotic Medilac-S^®^ on the induction and maintenance of remission in UC patients. The review includes 24 randomized, controlled trials (RCTs), which compare conventional therapy, such as pharmacological or herbal Chinese interventions, to combination therapy with Medilac-S^®^ and the same conventional therapy used as a control. Studies showed significant improvements in the induction and maintenance of remission in participants treated with Medilac-S^®^ combination therapy. Since the review's publication, a large number of new studies have been published and remain to be evaluated in a meta-analytic setting. Results presented in the past review, although promising, had a limited bias analysis, poorly defined meta-analytic procedures and grouped together studies using various concomitant treatments (orally and rectally administered). Therefore, in this study, our primary aim was to conduct an up-to-date systematic review and meta-analysis, taking into account the totality of the published evidence, to assess the efficacy of Medilac-S^®^ as an adjunctive to conventional oral aminosalicylates for the induction of UC symptom remission within a Chinese population. We focused on the use of oral pharmaceuticals as concomitant therapies, as opposed to herbal remedies or enemas, due to ease of practical use and global clinical application. In addition, we wished to present our findings in an English-speaking journal which is more readily accessible by the international community. Analysis was limited to induction of remission and improvement of physician assessed and patient reported symptoms, as evaluated by scoring indices and patient reports.

MATERIALS AND METHODS
=====================

The review protocol for this systematic review with meta-analysis was run according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)\[[@B25]\] and registered in PROSPERO (CRD42018085658). It can be accessed at the following web address: https://[www.crd.york.ac.uk/prospero/display_record.php?RecordID](www.crd.york.ac.uk/prospero/display_record.php?RecordID) = 85658.

Search strategy
---------------

Using combinations of the key words and terms described below, the following online databases were searched for RCTs (2000--2017): Google Scholar (last searched - July 17^th^ 2017; https://scholar.google.ca/) PubMed (last searched - August 5^th^ 2017; https://[www.ncbi.nlm.nih.gov/pubmed/](www.ncbi.nlm.nih.gov/pubmed/)); EMBASE (last searched - August 18^th^ 2017; https://[www.elsevier.com/solutions/embase-biomedical-research](www.elsevier.com/solutions/embase-biomedical-research)) and the Cochrane Database of Systematic Reviews (last searched-August 18^th^ 2017; <http://onlinelibrary.wiley.com/cochranelibrary/search/>).

Similarly, combinations of English and Chinese search terms were used for the following Chinese databases: China National Knowledge Infrastructure (last searched - July 22^nd^ 2017; <http://oversea.cnki.net/>) VIP Search (last searched - October 27^th^ 2017; <http://en.cqvip.com/index.html>); Wanfang Data (last searched - October 27^th^ 2017; <http://www.wanfangdata.com/>); Chinese Biomedical Database (last searched - October 27^th^ 2017; <http://www.imicams.ac.cn>), and the Chinese Clinical Trial Registry (last searched October 27^th^ 2017; <http://www.chictr.org.cn/enIndex.aspx>).

English search terms included any of the following: Ulcerative colitis, Medilac-S^®^, probiotics, mesalazine, sulfasalazine, olsalazine, MeiChangAn, microecological preparation, *Bacillus subtilis*, *Enterococcus faecium*, randomized and controlled.

The following Chinese search terms were also used: Probiotic, microecological preparation, *Bacillus subtilis*, *Enterococcus faecium*, ulcerative colitis, random, control, MeiChangAn, mesalazine, olsalazine, sulfasalazine.

Selection criteria
------------------

Study selection was independently performed by two authors (Ghania Sohail and Xiaoyu Xu) using a pre-specified selection criterion for published or unpublished RCTs completed in China between 2000-2017, which evaluate the efficacy of the probiotic Medilac-S^®^ in reducing symptoms of mild, moderate or severe UC in Chinese patients. No language or study size restrictions were made.

Titles and abstracts of the literature were first reviewed to exclude all irrelevant studies, and after obtaining the full text of any remaining studies, a finalized list was identified and cross-examined with the inclusion/exclusion criteria. Discrepancies between the selection of studies were resolved through discussion between the two authors. If resolution was not possible, a third reviewer (TT) was consulted.

No age or gender restrictions were placed on participants within the trials and no trials exclusively conducted on infants or children were included. All included studies had at least two comparable study arms - a control arm which received only conventional oral medication (aminosalicylates), and a treatment arm which administered the same conventional medication used in the control in combination with the probiotic Medilac-S^®^ *per os*. No restrictions were placed on the dose of conventional medication or probiotic given to participants.

Additionally, articles were included if they provided at least one study outcome measurement as follows: Clinical remission, changes in patient-reported clinical symptoms, maintenance of remission and relapse rate, Sutherland index, adverse events (AEs), endoscopic assessment, and/or histological assessment.

RCTs which described only concurrent therapy with traditional Chinese medicines or different probiotics in all study arms were excluded. Studies reporting only unconventional primary endpoints inappropriate for assessment of UC disease activity, such as microflora counts, or which did not provide sufficient details on patient selection or study outcomes were also excluded.

Data extraction
---------------

Independent data extraction was performed by two review authors (Ghania Sohail and Xiaoyu Xu) using a standardized Microsoft Excel file. The original extraction file included the following: Authors and journal details, start and end dates, study design, probiotic and comparator with route of administration, probiotic dose with regime and duration, participant enrollment, gender by study arm, primary objective, follow-up, study outcome measurement types, study results, AEs, and diagnostic criteria assessment guidelines used.

Study outcome measurement data were independently extracted by the two review authors (Ghania Sohail and Xiaoyu Xu) on separate Microsoft Excel sheets. For each outcome, extraction sheets varied to reflect the specific types of data presented. An attempt was made to contact study authors to collect any possible missing data. Discrepancies between the extracted data were resolved through discussion between the two authors. If resolution was not possible, a third reviewer (TT) was consulted.

Outcome assessments
-------------------

**Primary outcome:** The primary outcome of this systematic review and meta-analysis is an evaluation of the induction of remission in patients with UC within a Chinese population. Studies adhere to the definitions of clinical efficacy stated in the guidelines from the Chinese Society of Gastroenterology\[[@B20]-[@B23]\] which evaluate changes in clinical symptoms, changes to mucosal inflammation identified through colonoscopy, and, in some instances, the number of stools per day and blood in stool.

**Secondary outcomes:** The effects of the probiotic Medilac-S^®^ in combination therapy with conventional oral medication was also assessed for the following secondary outcomes: Sutherland Index score, physical changes in the GI tract through endoscopic and histological assessments, the proportion of patient-reported clinical symptoms of UC, including abdominal pain, diarrhea, tenesmus and mucous and/or blood in stool, and the evaluation of AEs in treatment and control groups.

Assessment of study quality and risk of bias
--------------------------------------------

To adhere to the PRISMA guidelines, studies were independently reviewed by two review authors (Ghania Sohail and Xiaoyu Xu) for risk of bias using the approaches for assessing and assigning risk described in the Cochrane Handbook\[[@B26]\]. Bias due to systematic differences among treatment groups was assessed using review of the following categories: (1) Random Sequence Generation - the randomization scheme for assigning subjects to treatments; (2) Allocation Concealment - the randomization scheme for assigning treatments to the subjects; (3) Performance Bias - blinding of study subjects to the actual interventions; (4) Detection Bias - blinding of study personnel and data analysts to the actual interventions; (5) Attrition Bias - whether loss of data due to attrition of subjects is due to a missing completely at random mechanism or is non-ignorable; (6) Reporting Bias - whether results of the outcomes were pre-specified and reported fully; and (7) Other - whether any other possible sources of bias exist within studies.

Studies were assigned an overall level of risk of bias (low, high, unclear) for each outcome of interest based on a subjective review by the investigators (Ghania Sohail and Xiaoyu Xu). Discrepancies between the assessment of risk were resolved through discussion between the two reviewers, and if resolution was not possible a third reviewer (TT) was consulted.

Publication bias
----------------

Publication bias, such as bias in the meta-analysis results due to unreported data, was assessed with a funnel plot showing the relationship of the effect size \[log(RR)\] and its standard error (SE) among studies. Kendall's tau, a rank correlation test, was used to test for a correlation between the effect size and SE. Additionally, the trim and fill method of Duval and Tweedie\[[@B27],[@B28]\] was used to estimate the number of studies missing from the meta-analysis due to possible suppression of more extreme results. This method augments the observed data so that the funnel plot is more symmetric and identifies the likely number of missing studies that would symmetrize the funnel plot. The method can only be applied to models without moderators and was therefore run on the simple fixed effects model.

Data synthesis and statistical analysis
---------------------------------------

Meta-analyses were conducted for each outcome of interest, using a random effects model if heterogeneity was found to be significant, or a fixed effects model if no heterogeneity was observed among the studies. Heterogeneity was tested using the standard measure of inconsistency, *I*^2^, and a review of the *P*-value of the chi-square test for the random effect of study. For outcomes with sufficient data, a moderator variable for the type of conventional therapy (drug type) was added to the meta-analytic model to determine whether the difference in effect size between the control and treatment groups depended on the type of drug used in combination with Medilac-S^®^.

Outcomes of interest were either binary categorical variables (*e.g*., clinical remission) which were analyzed using risk ratios (RRs), or continuous variables (*e.g*., histology scores) for which the mean difference was used. The RRs were natural logarithm transformed before analysis and results are reported as back-transformed RRs. For some outcomes (*e.g*., clinical symptoms) data at baseline as well as after intervention were reported, so a meta-analysis for baseline differences in the outcome was first assessed. If the treatment group effect size at baseline was not statistically significantly different, the meta-analysis for mean differences was performed for outcomes reported at the end of the intervention period. If the test for the treatment group effect size at baseline was statistically significant, then the difference in effect size from baseline was compared between the two treatment groups (the difference of differences).

All tests were conducted using a type I error rate of 0.05 and all confidence intervals (CIs) are based on a 95% confidence level. All analyses were conducted using the Metafor package\[[@B29]\] in R: A Language and Environment for Statistical Computing\[[@B30]\]. The statistical methods of this study were conducted and reviewed by Dr. Mary Christman from MCC Statistical Consulting.

RESULTS
=======

Study selection
---------------

A flow diagram, in adherence with PRISMA guidelines, summarizing the screening of studies can be found in Figure [1](#F1){ref-type="fig"}. A total of 404 studies were identified from a literature search completed using both English and Chinese databases. After screening study titles and abstracts against basic eligibility criteria and searching for duplicates, 325 studies were discarded and 79 studies remained. Further screening of the study titles, abstracts and obtaining of the full study text eliminated 19 additional studies. After review of the full study texts of 60 articles, seven were eliminated and 53 RCTs were identified as eligible for the review\[[@B31]-[@B83]\]. The remaining 26 articles were excluded for various reasons. The rationale for exclusion of the 26 studies is found in Supplementary Table 1.

![Study selection flow diagram.](WJCC-6-961-g001){#F1}

Study characteristics
---------------------

The 53 Chinese RCTs included 3984 participants in our review, with 1985 and 1999 participants in control and treatment arms respectively. All studies contained a control arm, providing only conventional oral medication (aminosalicylates), and a treatment arm providing the same conventional medication with Medilac-S^®^. Treatment periods ranged from 4 to 96 wk. Twelve studies included a third study arm\[[@B35],[@B47],[@B55],[@B60]-[@B62],[@B66],[@B70],[@B72],[@B77],[@B82],[@B83]\] which was not incorporated into the study analysis as a comparator because it incorporated the use of a different probiotic product, an herbal remedy and/or an enema. Nine studies included a post-treatment follow-up period of 8, 26 or 52 wk to track the maintenance of symptom remission\[[@B32],[@B39],[@B44],[@B48],[@B53],[@B57],[@B63],[@B68],[@B74]\] and one study, by Wang et al\[[@B66]\] 2016 evaluated the maintenance of remission alone. Most studies\[[@B31],[@B33]-[@B37],[@B40],[@B41],[@B43]-[@B48],[@B51],[@B53]-[@B57],[@B59]-[@B62],[@B65]-[@B67],[@B69],[@B71]-[@B77],[@B79]-[@B83]\] included participants with mild-to-moderate UC symptoms (75.4%; 40/53), one study included participants with severe UC\[[@B49]\] and the remaining studies\[[@B32],[@B38],[@B39],[@B42],[@B50],[@B52],[@B58],[@B63],[@B64],[@B68],[@B70],[@B78]\] did not describe the severity of all participants, however the levels of severity between control and treatment groups at baseline were stated as not significantly different. Study characteristics and outcomes are presented in Table [1](#T1){ref-type="table"}.

###### 

Characteristics of included studies

  **Trial reference**             **Participants evaluated**   **Medication**   **Probiotic dose**   **Treatment duration**   **Follow-up period**   **Outcomes analyzed**
  ------------------------------- ---------------------------- ---------------- -------------------- ------------------------ ---------------------- -----------------------
  Bu et al\[[@B31]\] 2017         68                           Mesalazine       3.0 × 10^9^ cfu/d    16 wk                    NR                     1, 6
  Chen\[[@B32]\] 2007             47                           SASP             3.0 × 10^9^ cfu/d    12 wk                    26 wk                  1, 4, 5, 6
  Chen\[[@B33]\] 2014             100                          Mesalazine       3.0 × 10^9^ cfu/d    6 wk                     NR                     1, 4
  Chen et al\[[@B34]\] 2017       68                           Mesalazine       3.0 × 10^9^ cfu/d    8 wk                     NR                     1, 6, 7
  Duan et al\[[@B35]\] 2015       64                           SASP             3.0 × 10^9^ cfu/d    4 wk                     NR                     2, 3, 6, 7
  Gu\[[@B36]\] 2012               62                           Mesalazine       3.0 × 10^9^ cfu/d    12 wk                    NR                     1, 6
  Guo and Sun\[[@B37]\] 2009      92                           Mesalazine       3.0 × 10^9^ cfu/d    12 wk                    NR                     1, 6
  He et al\[[@B38]\] 2016         52                           Mesalazine       3.0 × 10^9^ cfu/d    12 wk                    NR                     1, 6
  Jiang\[[@B39]\] 2013            110                          Mesalazine       3.0 × 10^9^ cfu/d    16 wk                    52 wk                  1, 5, 6
  Jin et al\[[@B40]\] 2014        226                          Mesalazine       3.0 × 10^9^ cfu/d    12 wk                    NR                     1, 6
  Li\[[@B41]\] 2011               62                           Mesalazine       60 mg/d              12 wk                    NR                     1
  Li\[[@B42]\] 2013               124                          SASP             3.0 × 10^9^ cfu/d    12 wk                    NR                     1, 6
  Li\[[@B43]\] 2014               147                          SASP             3.0 × 10^9^ cfu/d    4 wk                     NR                     1
  Li et al\[[@B44]\] 2006         50                           SASP             3.0 × 10^9^ cfu/d    12 wk                    26 wk                  1, 5
  Li et al\[[@B45]\] 2016         100                          Mesalazine       3.0 × 10^9^ cfu/d    8 wk                     NR                     1, 4, 6
  Liang et al\[[@B46]\] 2016      92                           Mesalazine       3.0 × 10^9^ cfu/d    16 wk                    NR                     1
  Liu\[[@B47]\] 2014              62                           SASP             3.0 × 10^9^ cfu/d    4 wk                     NR                     1, 2, 3
  Liu and Yao\[[@B48]\] 2012      139                          Mesalazine       3.0 × 10^9^ cfu/d    unknown                  unknown                1, 5
  Liu et al\[[@B49]\] 2009        43                           SASP             3.0 × 10^9^ cfu/d    8 wk                     NR                     1, 6
  Liu and Li\[[@B50]\] 2014       101                          Mesalazine       3.0 × 10^9^ cfu/d    6 wk                     NR                     1, 2, 4
  Luo\[[@B51]\] 2016              56                           Mesalazine       3.0 × 10^9^ cfu/d    8 wk                     NR                     1, 4, 6
  Lu and Lei\[[@B52]\] 2011       132                          Olsalazine       3.0 × 10^9^ cfu/d    12 wk                    NR                     1, 6
  Miao\[[@B53]\] 2014             72                           Mesalazine       3.0 × 10^9^ cfu/d    8 wk                     26 wk                  1, 5, 6
  Meng\[[@B54]\] 2012             90                           SASP             3.0 × 10^9^ cfu/d    8 wk                     NR                     1, 2
  Qin\[[@B55]\] 2015              56                           Mesalazine       3.0 × 10^9^ cfu/d    8 wk                     NR                     4
  Qin et al\[[@B56]\] 2010        20                           SASP             3.0 × 10^9^ cfu/d    4 wk                     NR                     3, 7
  Qin et al\[[@B57]\] 2010        64                           Mesalazine       3.0 × 10^9^ cfu/d    8 wk                     26 wk                  5, 6
  Shen\[[@B58]\] 2014             96                           Mesalazine       3.0 × 10^9^ cfu/d    6 wk                     NR                     1, 4, 6
  Su\[[@B59]\] 2015               120                          Mesalazine       3.0 × 10^9^ cfu/d    12 wk                    NR                     1, 6
  Tan et al\[[@B60]\] 2008        20                           SASP             3.0 × 10^9^ cfu/d    4 wk                     NR                     2, 3, 6, 7
  Tan et al\[[@B61]\] 2014        20                           SASP             3.0 × 10^9^ cfu/d    4 wk                     NR                     2, 3, 6, 7
  Tang\[[@B62]\] 2008             104                          SASP             3.0 × 10^9^ cfu/d    4 wk                     NR                     1
  Wang\[[@B63]\] 2013             84                           Mesalazine       3.0 × 10^9^ cfu/d    16 wk                    52 wk                  1, 5
  Wang and Liu\[[@B64]\] 2007     36                           SASP             3.0 × 10^9^ cfu/d    4 wk                     NR                     1, 6
  Wang and Li\[[@B65]\] 2014      100                          Mesalazine       3.0 × 10^9^ cfu/d    8 wk                     NR                     1, 2
  Wang et al\[[@B66]\] 2016       65                           Mesalazine       3.0 × 10^9^ cfu/d    26 wk                    NR                     5, 6
  Xiang and Feng\[[@B67]\] 2006   46                           SASP             3.0 × 10^9^ cfu/d    4 wk                     NR                     1, 4, 6
  Xiao\[[@B68]\] 2014             63                           SASP             3.0 × 10^9^ cfu/d    8 wk                     8 wk                   5, 6
  Xu\[[@B69]\] 2014               60                           Balsalazide      3.0 × 10^9^ cfu/d    12 wk                    NR                     1, 4, 6
  Xu and Cui\[[@B70]\] 2009       56                           Mesalazine       3.0 × 10^9^ cfu/d    4 wk                     NR                     1
  Yang\[[@B71]\] 2014             80                           Mesalazine       3.0 × 10^9^ cfu/d    Unknown                  NR                     1
  Yang et al\[[@B72]\] 2008       52                           SASP             3.0 × 10^9^ cfu/d    4 wk                     NR                     1
  Yuan et al\[[@B73]\] 2008       40                           SASP             3.0 × 10^9^ cfu/d    12 wk                    26 wk                  1, 4, 6
  Zeng\[[@B74]\] 2008             49                           SASP             3.0 × 10^9^ cfu/d    12 wk                    NR                     1, 5
  Zhang\[[@B75]\] 2013            78                           SASP             3.0 × 10^9^ cfu/d    4 wk                     NR                     1, 4, 6
  Zhang\[[@B76]\] 2013            68                           Olsalazine       3.0 × 10^9^ cfu/d    12 wk                    NR                     1, 6
  Zhang et al\[[@B77]\] 2010      54                           Mesalazine       3.0 × 10^9^ cfu/d    12 wk                    NR                     1
  Zhang et al\[[@B78]\] 2016      70                           Mesalazine       60 mg/d              12 wk                    NR                     1
  Zhang et al\[[@B79]\] 2016      60                           Mesalazine       3.0 × 10^9^ cfu/d    12 wk                    NR                     1
  Zhao and Zhang\[[@B80]\] 2016   62                           Mesalazine       3.0 × 10^9^ cfu/d    24 wk                    NR                     1
  Zheng et al\[[@B81]\] 2016      118                          Mesalazine       3.0 × 10^9^ cfu/d    4 wk                     NR                     1, 6
  Zhu et al\[[@B82]\] 2013        44                           Olsalazine       3.0 × 10^9^ cfu/d    96 wk                    NR                     2, 3
  Zhuo et al\[[@B83]\] 2016       40                           Mesalazine       3.0 × 10^9^ cfu/d    8 wk                     NR                     1, 3, 6

Outcomes analyzed: (1) Clinical Efficacy; (2) Histological Assessment; (3) Endoscopy Assessment; (4) Clinical Symptoms; (5) Maintenance of Remission; (6) Adverse Events; (7) Sutherland Index. NR: Not reported.

Risk of bias in included studies
--------------------------------

Results of the risk of bias analysis are presented in Figure [2](#F2){ref-type="fig"}. Although all included trials are RCTs, most fail to report the method used for randomization, resulting in unclear risk of bias in 77.4% (41/53) of studies\[[@B31]-[@B34],[@B36],[@B38],[@B40]-[@B44],[@B46]-[@B52],[@B54],[@B55],[@B57]-[@B59],[@B62]-[@B71],[@B73],[@B74],[@B76],[@B77],[@B80]-[@B83]\]. The twelve remaining studies report appropriate methods to randomize participants, such as random number tables, and are ranked as low risk of bias for random sequence generation\[[@B35],[@B37],[@B39],[@B45],[@B53],[@B56],[@B60],[@B61],[@B72],[@B75],[@B78],[@B79]\].

![Risk of bias mosaic plot showing proportion of studies deemed to be at high (red), unclear (yellow) or low (green) risk in each bias category.](WJCC-6-961-g002){#F2}

Only 7.55% (4/53) of studies report the implemented levels of blinding\[[@B40],[@B56],[@B60],[@B61]\]. These four studies reported a blind assessment of participant samples, thereby receiving a low risk of detection bias rating. No other forms of blinding for participants, personnel or assessors were reported, nor was allocation concealment reported in any studies, resulting in unclear levels of bias for allocation concealment and detection bias amongst all studies.

After evaluating for incomplete outcome data and selective reporting, 83.0% (44/53) of studies\[[@B31]-[@B41],[@B44]-[@B49],[@B51]-[@B55],[@B62]-[@B65],[@B67]-[@B81],[@B83]\] were ranked as low risk of attrition bias and 81% (43/53) of studies\[[@B32],[@B34]-[@B47],[@B49]-[@B51],[@B55],[@B56],[@B58]-[@B62],[@B64],[@B66]-[@B82]\] were ranked as low risk of reporting bias. Three trials\[[@B42],[@B43],[@B50]\] were rated as high risk of attrition bias because of inconsistencies in subject reporting and the remaining six studies\[[@B56],[@B57],[@B60],[@B61],[@B66],[@B82]\] were rated as unclear risk of attrition bias due to missing information regarding possible participant withdrawal. The ten studies\[[@B31],[@B33],[@B48],[@B52]-[@B54],[@B57],[@B63],[@B65],[@B83]\] which were not ranked as low risk of reporting bias were rated as high risk of reporting bias because results were either reported without pre-specification or expected outcomes failed to be included.

Other potential sources of bias included an evaluation of the characteristic similarity and prognostic indicators of disease at baseline in study groups. In trials of UC, it is important for studies to limit significant differences between disease severity of participants at baseline because the medication and dosage differ for those suffering from varying stages of disease, ranging from mild and moderate to severe. Most studies\[[@B31]-[@B43],[@B45]-[@B49],[@B52],[@B54]-[@B56],[@B58],[@B59],[@B61],[@B63]-[@B71],[@B75]-[@B83]\] (83.0%; 44/53) highlighted no significant differences between the control and treatment groups at baseline, thereby being labelled as low risk bias. The nine remaining studies not ranked as low risk of bias\[[@B44],[@B51],[@B55],[@B57],[@B60],[@B62],[@B72]-[@B74]\] had insufficient information to determine the presence of other types of bias and therefore are ranked as unclear risk. Overall, studies were better ranked in their provision of study results and participant withdrawals, and were ranked more poorly in their explanation of randomization techniques blinding.

Effects of intervention - primary outcome
-----------------------------------------

**Clinical remission:** Forty-six studies reported clinical remission as a primary outcome, however, only 45 studies\[[@B31]-[@B34],[@B36]-[@B55],[@B58],[@B59],[@B62]-[@B65],[@B67],[@B69]-[@B81],[@B83]\] were included in the meta-analysis because one study\[[@B57]\] failed to report enough data. Studies included 3624 participants, with 1808 in the control group and 1816 in the treatment group. The proportion of subjects for which the treatment was effective was analyzed, with "effective" defined as any response not considered "ineffective"- including participants with "completely effective", "very effective" or "somewhat effective" responses. Further analysis was then conducted by comparing induction of clinical remission using specific drug-probiotic combinations to assess the most effective combination. One study used balsalazide as the conventional drug\[[@B69]\], two studies used olsalazine\[[@B52],[@B76]\], 14 studies used SASP\[[@B32],[@B42],[@B43],[@B45],[@B47],[@B49],[@B54],[@B62],[@B64],[@B67],[@B72]-[@B75]\] and 28 studies used mesalazine\[[@B31],[@B33]-[@B41],[@B44],[@B46],[@B48],[@B50],[@B51],[@B53],[@B55]-[@B61],[@B63],[@B65],[@B66],[@B68],[@B70],[@B71],[@B77]-[@B84]\].

The first analysis with the 45 studies was conducted using a fixed effects model since the test for heterogeneity was not significant (*P* = 0.8102). Results showed a positive effect of Medilac-S^®^ treatment (RR = 1.21, CI: 1.18-1.24, *P* \< 0.0001) with the "risk" of treatment being effective estimated to be, on average, 21% higher for those on combination Medilac-S^®^ therapy, than conventional drug therapy alone.

Upon comparing effect means for different drug types, evidence of significant variability (*P* \< 0.0001) was seen. In the balsalazide study the predicted mean RR was the same as in the study, RR = 1.21 (CI: 1.00-1.46). In studies using olsalazine, the estimated mean was RR = 1.25 (CI: 1.10-1.42). Finally, the estimated mean RR for SASP drug therapy was RR = 1.26 (CI: 1.19-1.33) and the mean RR for mesalazine was RR = 1.19 (CI: 1.15-1.23) (Figure [3](#F3){ref-type="fig"}). Since there were sufficient numbers of studies using mesalazine and SASP, further comparison of the mean effect sizes was performed, and a significant difference between mean effect sizes of studies using mesalazine and SASP was observed (*P* \< 0.0001), with SASP outperforming mesalazine.

![Forest plot of the results of a fixed effects meta-analysis with a moderator for concomitant drug therapy with 45 studies evaluating the effect of Medilac-S^®^ in combination with conventional drug therapy on clinical efficacy. "Eff" is the number of subjects in the study for which the treatment was effective and "InEff" is the number of subjects in the study for which the treatment was ineffective. The relative risk (RR) and its 95%CI for each study are listed on the right hand side of the graph. The 95%CI for the estimated mean RR for each concomitant drug therapy category is shown as a shaded diamond with the endpoints of the diamond being the CI endpoints and the location of the maximum width of the diamond being at the estimated mean RR for that drug type. The vertical dashed line at 1 indicates a RR of 1 which occurs when there is no observed difference between the treatment and the control.](WJCC-6-961-g003){#F3}

**Publication bias:** A funnel plot was constructed based on the results of the fixed effects model with drug type moderator (Figure [4](#F4){ref-type="fig"}). A rank correlation test, Kendall's tau, tested for asymmetry in the plot by evaluating whether the observed effect sizes and the corresponding sampling errors are correlated. Kendall's tau was 0.5366 (*P* \< 0.0001), providing strong evidence of publication bias. The funnel plot suggests a few studies with smaller sample size present larger SEs for Medilac-S^®^ consumption with greater RR values than studies with larger sample sizes.

![Funnel plot showing the relationship between the relative risk and its standard error for each of 45 studies used in a fixed effects meta-analysis with a moderator for concomitant drug therapy evaluating the effect of Medilac-S^®^ in combination with conventional drug therapy on clinical efficacy.](WJCC-6-961-g004){#F4}

In addition, the number of missing studies from the meta-analysis due to the suppression of the more extreme results to one side of the funnel plot, were estimated using the trim and fill method of Duval and Tweedie\[[@B27],[@B28]\]. Results indicate that the funnel plot would be made symmetric with the addition of 18 (SE = 4.0663) studies on the left side of the plot. With the addition of the studies, the average log(RR) would decrease to approximately 0.16 (SE = 0.0128; estimated RR = 1.17), which still indicates a positive impact of adding Medilac-S^®^ to conventional drug therapy.

Effects of intervention - secondary outcomes
--------------------------------------------

**Sutherland index:** A mixed effects meta-analysis was completed on six studies\[[@B34],[@B35],[@B47],[@B57],[@B60],[@B61]\] to evaluate changes in the Sutherland index score, comprised of three clinical symptom scores (stool frequency, rectal bleeding and mucosal appearance) and a physician's global rating of disease. Analysis was also conducted with a moderator variable for drug type to determine which drug-probiotic combination is most effective in improving the Sutherland index score. Studies included 254 participants, with 127 participants in both control and treatment groups. One study used mesalazine as concomitant medication\[[@B34]\] and five studies used SASP\[[@B35],[@B43],[@B56],[@B60],[@B61]\].

The effect size analyzed is the difference in means between treatment and control groups at the end of the intervention period because no differences were found between groups at baseline using the random effects model without the moderator variable for conventional drug type (*P* = 0.9999). Differences were seen using a random effects model run on the post-intervention treatment group means, both with the moderator variable (*P* = 0.0428) and without (*P* = 0.0032).

Results indicate a positive effect of Medilac-S^®^ treatment on the Sutherland Index. Without the moderator variable for conventional drug therapy, the mean difference between the control and treatment at the end of the intervention period was 3.10 (95%CI: 2.41, 3.78), indicating that the control mean is, on average, 3.10 units greater than the treatment arm. With the moderator variable, results suggest that the effect size may be drug-type dependent (*P* \< 0.0001), with SASP outperforming mesalazine. The mean difference in the index between treatment and control arms was 3.33 (CI: 2.63-4.03) for the drug SASP and 2.25 (CI: 0.95-3.55) for mesalazine (Figure [5](#F5){ref-type="fig"}).

![Forest plot of the results of a mixed effects meta-analysis with a moderator for concomitant drug therapy, with 6 studies evaluating the effect of Medilac-S^®^ in combination with conventional drug therapy on the change in mean Sutherland index score evaluating three clinical symptoms and a global physician's assessment. "Mean" is the mean index and "SD" is the standard deviation for each study; the difference between the treatment and control of the mean indices at the end of the study and its 95%CI is listed on the right hand side of the graph; the 95%CI for the estimated mean difference for each concomitant drug therapy category is shown as a shaded diamond with the endpoints of the diamond being the CI endpoints and the location of the maximum width of the diamond being at the estimated mean difference for that drug type.](WJCC-6-961-g005){#F5}

**Endoscopy scores:** Seven clinical studies\[[@B35],[@B43],[@B56],[@B60],[@B61],[@B82],[@B83]\] with 270 participants, 135 in both control and treatment arms, were included in a meta-analysis to evaluate changes in the endoscopic scores assessed using a Chinese version of the Modified Baron Score evaluating mucosal friability, hyperemia, granulation, spontaneous bleeding and ulceration\[[@B21],[@B22],[@B84]\]. Reporting was done as the average of the change in score. The effect size analyzed is the difference between treatment and control arms of the change in mean scores between final and baseline measurements. As the test for heterogeneity was significant (*P* = 0.0001), a random effects model was used for the analysis. Further analysis to determine if the results are dependent on concomitant drug therapy was not conducted due to insufficient data.

Results present a positive effect of Medilac-S^®^ treatment for the improvement of the endoscopic score (*P* = 0.0001). The difference from baseline in the control and treatment arms was 0.7139 (95%CI: 0.3537-1.0742), indicating that the average decrease of endoscopy scores for the control arm was 0.71 units smaller than the average decrease of endoscopy scores for the treatment arm (Figure [6](#F6){ref-type="fig"}). The mean drop in scores for those in the control arm was approximately 1.01, while the mean drop for those on combination therapy was approximately 1.72.

![Forest plot of the results of a random effects meta-analysis with 7 studies evaluating the effect of Medilac-S^®^ in combination with conventional drug therapy on the change in mean endoscopic score evaluating mucosal friability, hyperemia, granulation, spontaneous bleeding and ulceration. "Mean Diff" is the change of the treatment mean score from the baseline mean score and "SD" is the standard deviation of the mean change; the difference between the treatment and control of the change in the mean score and its 95%CI for each study is listed on the right hand side of the graph; the 95%CI for the estimated mean difference in the change from baseline for each concomitant drug therapy category is shown as a shaded diamond with the endpoints of the diamond being the CI endpoints and the location of the maximum width of the diamond being at the estimated mean difference for that drug type; the vertical dashed line at 0 indicates a difference of 0 which occurs when there is no observed difference between the change from baseline for the treatment and the control.](WJCC-6-961-g006){#F6}

**Histological scores:** Eight clinical studies\[[@B35],[@B43],[@B50],[@B54],[@B60],[@B61],[@B65],[@B82]\] included 501 participants, with 251 in the control arm and 250 in the treatment arm, in a meta-analysis to evaluate changes in the histological scores assessed using a Chinese version of the Truelove and Richards Index evaluating colonic histological specimens for inflammation and crypt distortion\[[@B21]-[@B22],[@B85]\]. Reporting was done as the average of the change in score. The effect size used in the analysis is the difference between treatment and control of the change in mean scores between final and baseline measurements. The test for heterogeneity was not significant (*P* = 0.8427) and so a fixed effects model was used for the analysis. Further analysis to determine if the results are dependent on concomitant drug therapy was not conducted due to insufficient data.

The test for difference between the change from baseline for treatment and control arms was significant (*P* \< 0.0001) and favors results of Medilac-S^®^ treatment. The difference in the change from baseline of the control and treatment arms was 1.07 (95%CI: 0.9189-1.2300) indicating that the average decrease in histology scores between baseline and final measurements for the control arm was approximately 1.1 units smaller than the average decrease between baseline and final measurements for the treatment arm (Figure [7](#F7){ref-type="fig"}). The mean drop in histology scores for those in the control arm was approximately 0.9 while the mean drop for those on treatment was approximately 1.9.

![Forest plot of the results of a random effects meta-analysis with 8 studies evaluating the effect of Medilac-S^®^ in combination with conventional drug therapy on the change in mean histological score, evaluating colonic histological specimens for inflammation and crypt distortion. "Mean Diff" is the change of the treatment mean score from the baseline mean score and "SD" is the standard deviation of the mean change; the difference between the treatment and control of the change in the mean score and its 95%CI for each study is listed on the right hand side of the graph; the 95%CI for the estimated mean difference in the change from baseline for each concomitant drug therapy category is shown as a shaded diamond with the endpoints of the diamond being the CI endpoints and the location of the maximum width of the diamond being at the estimated mean difference for that drug type; the vertical dashed line at 0 indicates a difference of 0 which occurs when there is no observed difference between the change from baseline for the treatment and the control.](WJCC-6-961-g007){#F7}

**Clinical symptoms:** A meta-analysis of 11 studies\[[@B32],[@B33],[@B45],[@B50],[@B51],[@B55],[@B58],[@B67],[@B69],[@B73],[@B75]\] was conducted to evaluate changes in any of the following patient-reported symptoms: Abdominal pain, tenesmus, blood and mucous in stool, and/or diarrhea. Analysis was also conducted with a moderator variable for drug type to determine which drug-probiotic combination was most effective in reducing clinical symptoms. Studies included 780 participants, with 386 participants in the control arm and 394 participants in the treatment arm.

The effect size is the ratio of the proportion of individuals reporting symptoms in the treatment group as compared to the proportion of individuals reporting symptoms in the control group. Values less than one for the RR or less than zero for log (RR) indicate that subjects receiving combination therapy with Medilac-S^®^ have a lower probability of reporting clinical symptoms relative to subjects receiving drug therapy alone.

Using the random effects model, no significant differences were reported at baseline between control and treatment groups for any of the clinical symptoms and no significant evidence for heterogeneity was seen in the proportion of individuals reporting symptoms between treatment arms. Consequently, fixed effects models were used to identify variability in mean RRs after intervention.

Results of the fixed effects meta-analyses demonstrate a significant decrease (*P* \< 0.0001) in the proportion of individuals reporting abdominal pain (RR = 0.44, CI: 0.32-0.59), tenesmus (RR = 0.53, CI: 0.38-74), blood and mucous in stool (RR = 0.40, CI: 0.28-0.58) and diarrhea (RR = 0.47, CI: 0.36-0.42) post-intervention after using combination therapy. Hence, the proportions of individuals who received combination therapy are 44%, 53%, 40% and 47% respectively of the proportion of individuals in the control group reporting the same symptoms.

When the moderator variable is applied, significant differences (*P* \< 0.0001) are indicated for at least one pair of mean RRs among drug types for every clinical symptom. One study\[[@B69]\] used balsalazide, five studies\[[@B33],[@B50],[@B51],[@B55],[@B58]\] used mesalazine and five studies\[[@B32],[@B45],[@B67],[@B73],[@B75]\] used SASP as the concomitant medications with Medilac-S^®^.

The calculated predicted mean RRs for combination therapy with balsalazide drug include: RR = 0.5 (95%CI: 0.17-1.48) for abdominal pain, RR = 0.53 (CI: 0.14-0.82) for tenesmus, RR = 0.2 (CI: 0.05-0.84) for blood and mucous in stool, and RR = 0.33 (CI: 0.10-1.11) for diarrhea. The estimated mean RRs calculated for SASP drug include: RR = 0.34 (CI: 0.21-0.55) for abdominal pain, RR = 0.31 (CI: 0.16-0.62) for tenesmus, RR = 0.17 (CI: 0.08-0.34) for blood and mucous in stool, and RR = 0.37 (CI: 0.23-0.59) for diarrhea. The estimated mean RR for mesalazine drug therapy include: RR = 0.51 (CI: 0.34-0.78) for abdominal pain, RR = 0.63 (CI: 0.43-0.93) for tenesmus, RR = 0.62 (CI: 0.39-0.98) for blood and mucous in stool, and RR = 0.56 (CI: 0.39-0.79) for diarrhea. Results of RRs and CIs are presented in Figure [8A](#F8){ref-type="fig"}-D. Because of the greater number of studies using SASP and mesalazine, tests for differences in mean RRs for SASP and mesalazine were also performed for each clinical symptom. A significant difference was seen between the effects of the two medications (*P* \< 0.0001) for all clinical symptoms with SASP outperforming mesalazine.

![Forest plots of the results of fixed effects meta-analysis with a moderator for concomitant drug therapy for 11 studies evaluating the effect of Medilac-S^®^ in combination with conventional drug therapy on number of participants reporting clinical symptoms including: (A) abdominal pain; (B) tenesmus; (C) blood and mucous in stool; and (D) diarrhea. "Pain" is the number of participants reporting abdominal pain in each study, "Tene" is the number of participants reporting tenesmus in each study, "BMuc" is the number of participants reporting blood and mucous in stool in each study, "Diar" is the number of participants reporting diarrhea in each study, and "Total" is the total number of participants in each study. The relative risk (RR) and its 95%CI for each study is listed on the right hand side of the graph. The 95%CI for the estimated mean RR for each concomitant drug therapy category is shown as a shaded diamond with the endpoints of the diamond being the CI endpoints and the location of the maximum width of the diamond being at the estimated mean RR for that drug type. The vertical dashed line at 1 indicates a RR of 1 which occurs when there is no observed difference between the treatment and the control.](WJCC-6-961-g008){#F8}

**Maintenance of clinical remission:** Ten studies\[[@B32],[@B39],[@B44],[@B48],[@B53],[@B57],[@B63],[@B65],[@B68],[@B74]\] enrolled 379 patients in the control group and 364 in the treatment group for a total of 743 participants, excluding any participants in a third arm. These studies evaluated the ability of Medilac-S^®^ treatment, in conjunction with conventional medication, mesalazine or SASP, to maintain clinical remission of UC symptoms. A meta-analysis was not conducted for these ten studies as there was insufficient data to evaluate relapse rate as a function of follow-up time.

Nine studies first aimed to induce UC remission in patients and included a follow-up period to observe symptom recurrence. Of the nine studies, one had a follow-up period of 8 wk\[[@B68]\], five studies\[[@B32],[@B44],[@B53],[@B57],[@B74]\] had a 26 wk follow-up period, two studies\[[@B39],[@B63]\] had a 52-wk follow-up period and one study had a follow-up period of unknown length\[[@B48]\]. One study by Wang et al\[[@B66]\] did not aim to induce UC remission as only patients in remission were recruited. The study evaluated a maintenance of remission for a period of 26 wk.

In 80% (8/10) of studies the symptom recurrence rate for participants receiving conventional therapy with Medilac-S^®^ was significantly lower (*P* \< 0.05) than participants taking conventional medication alone. In contrast, one study, by Qin et al\[[@B56]\] 2010, showed a greater number of participants in the treatment group experiencing symptom recurrence, with 17.2% (5/29) experiencing symptom recurrence during post-treatment evaluation at 26 wk and only 15.8% (3/19) in the control group. However, the study reports no significant difference between the two recurrence rates. The study by Wang et al\[[@B66]\] also reported no significant difference (*P* = 0.753) between the recurrence rates of the control and treatment group at 26 wk, however, the treatment group experienced less symptom recurrence than the control group, at 9.09% and 12.5% respectively.

**AEs:** A meta-analysis of 30 RCTs reporting AEs which included 2430 participants, with 1195 in the control group and 1235 in the treatment group, was completed. As the test for heterogeneity was not significant (*P* = 0.9914) analysis was conducted with a fixed effects model\[[@B31],[@B32],[@B34]-[@B40],[@B42],[@B45],[@B49],[@B51]-[@B53],[@B57]-[@B61],[@B64],[@B66]-[@B69],[@B73],[@B75],[@B76],[@B81],[@B83]\]. As shown on Figure [9](#F9){ref-type="fig"}, on average, the proportion of individuals in the treatment arm reporting an AE is estimated to be 72% of the proportion of individuals reporting an AE in the control arm (RR = 0.72, 95%CI: 0.55-0.94, *P* = 0.0175).

![Forest plots of the results of fixed effects meta-analysis with 30 studies evaluating the effect of Medilac-S^®^ in combination with conventional drug therapy on number of participants reporting adverse events. "AE" is the number of participants reporting adverse events within a study and "N" is the total number of participants within the study. The relative risk (RR) and its 95%CI for each study are listed on the right hand side of the graph. The 95%CI for the estimated mean RR for each concomitant drug therapy category is shown as a shaded diamond with the endpoints of the diamond being the CI endpoints. The vertical dashed line at 1 indicates a RR of 1 which occurs when there is no observed difference between the treatment and the control.](WJCC-6-961-g009){#F9}

Publication bias for secondary outcomes
---------------------------------------

Publication bias for the secondary outcomes was included in the meta-analyses. In studies reporting the endoscopy scores, histology scores, and AEs, no evidence of publication bias was seen \[Kendall's tau -0.30 (*P* = 0.3567)\], which may be related to the very small sample sizes (Figure [10A](#F10){ref-type="fig"}-C).

![Funnel plots showing the relationship between the relative risk and its standard error for (A) 7 studies used in a random effects meta-analysis evaluating the efficacy of Medilac-S^®^ in combination with conventional drug therapy on change in mean endoscopic score (B) 8 studies used in a fixed effects meta-analysis evaluating the efficacy of Medilac-S^®^ in combination with conventional drug therapy on change in mean endoscopic score and (C) 30 studies used in a fixed effects meta-analysis evaluating the efficacy of Medilac-S^®^ in combination with conventional drug therapy on change in the number of reported adverse events.](WJCC-6-961-g010){#F10}

For the clinical symptoms, outcome results indicate some evidence of publication bias. Kendall's tau was significant for two clinical symptom outcomes -abdominal pain \[-0.4909 (*P* = 0.0405)\] and tenesmus \[-0.45273 (*P* = 0.0264)\] (Figure [11A](#F11){ref-type="fig"} and B). The trim and fill method of Duval and Tweedie\[[@B27],[@B28]\] suggests the funnel plot for studies reporting abdominal pain would be made symmetric with the addition of two studies on the left side of the plot (SE = 2.308). The same method suggests that one study be added on the right side of the plot for studies reporting tenesmus (SE = 2.2944). The average log(RR) would be reduced to -0.78 (SE = 0.1478; RR = 0.46) for abdominal pain and -0.60 (SE = 0.1634; RR = 0.55) for tenesmus, which still indicates a positive impact of adding Medilac-S^®^ to conventional drug therapy.

![Funnel plot showing the relationship between the relative risk and its standard error for each of 11 studies used in a fixed effects meta-analysis with a moderator for concomitant drug therapy evaluating the effect of Medilac-S^®^ in combination with conventional drug therapy on number of reported clinical symptoms for (A) abdominal pain and (B) tenesmus.](WJCC-6-961-g011){#F11}

DISCUSSION
==========

Currently available therapies for UC, such as pharmaceutical anti-inflammatories, elicit high response rates, however, due to the potential for high-risk side effects, costs and non-adherence, alternative treatments such as probiotics are being considered\[[@B10]\]. Growing evidence illustrates the pivotal role of gut microflora in UC pathogenesis\[[@B2],[@B9]\], and studies have also shown the influence of the gut microflora on drug pharmacokinetics\[[@B86],[@B87]\], particularly drugs consumed *per os*. Thus, identifying specific probiotics which mediate symptoms of UC may improve responses to, and decrease potential side effects of, currently available therapies.

The present systematic review and meta-analysis evaluates 53 RCTs to assess the efficacy of the probiotic Medilac-S^®^ in combination with aminosalicylates to induce UC clinical remission within a Chinese population. Results show that combination therapy improves clinical remission rates, reduces symptom severity within the GI tract, and decreases incidence of UC symptoms and AEs. A review of studies evaluating maintenance of remission rates also shows reduced symptom recurrence of participants in the probiotic combination therapy groups as compared to conventional therapy alone. Prior studies have demonstrated similar positive effects of probiotics in UC patients through probiotic combination therapy\[[@B15],[@B88]\] or probiotic therapy alone\[[@B89]\]. However, some studies show limited evidence of probiotics as clinically beneficial for the induction and maintenance of UC remission\[[@B90],[@B91]\]. Consequently, it would appear that not all probiotic products will be effective and each product must be uniquely evaluated in the target population.

Some concerns with several prior systematic reviews and meta-analyses are the relatively small numbers of pooled participants analyzed and significant heterogeneity amongst studies due to pooling of data from mixed populations (*i.e*., adults and children), various probiotic combinations, and the use of different concomitant therapies, which makes it difficult to interpret results accurately. Additionally, many of these reviews fail to incorporate studies outside of North America and Europe, where different probiotics are routinely used and accepted in combination with standard care. For example, many Asian countries have readily accepted probiotics as dietary supplements and pharmaceuticals for a number of years\[[@B19]\]. This results in very few alternative probiotic therapies highlighted amongst systematic reviews assessing probiotics and IBD, which may be misleading.

This systematic review and meta-analysis is distinctive because it focuses on one disease state, one product and one population type, thereby allowing for a more focused analysis. In the past, only one other review has been completed to evaluate the efficacy of Medilac-S^®^ on symptoms of UC\[[@B24]\]. However, due to the unconventional methodology and the abundance of new evidence, it was important to reconstruct the process using stricter review guidelines and improved sub-analyses.

By conducting a more focused review, we were also able to analyze specific probiotic-drug combinations to elucidate that which is most effective. Medilac-S^®^ was shown to be the most effective in inducing remission when partnered with SASP. We hypothesize this may be due to the stability of SASP in the upper GI tract, which allows for greater quantities of the drug to reach the damaged epithelium\[[@B92]\]. The exact dosage and duration of use of the probiotic remains to be elucidated due to insufficient variation amongst studies to test the effects of these variables, however the majority of studies in our review (94.3%; 50/53) used the recommended dose of 3.0 x 10^9^ colony forming units (cfu)/d.

SASP remains the most common anti-inflammatory drug used in China for mild-to-moderate UC\[[@B93]\], however, long term use presents many side-effects\[[@B94]\]. Our results found that the incorporation of probiotic Medilac-S^®^ with SASP and other aminosalicylates (mesalazine, olsalazine, balsalazide) reduced the risk of AEs, suggesting the role of probiotics in the prevention of AEs associated with anti-inflammatory drug use. Prior studies evaluating the effects of probiotics on IBD commonly report no significant differences between probiotic-treated and conventionally-treated participants\[[@B15],[@B95]\]. Due to limited assessments and systematic reporting of AEs from studies evaluating probiotic-treated IBD, further evidence is required to effectively assess the benefit of probiotic intervention on drug-induced side effects. Further study is also required to assess the effects of probiotic adjunctive therapy on varying disease severity of UC, however, probiotics are most commonly used, and most effective, in individuals with mild-to-moderate UC\[[@B14]\].

Researchers have suggested various mechanisms of action for probiotics in the prevention and treatment of IBD and UC, including maintenance of microbial gut microflora\[[@B15]\], reduced GI inflammation\[[@B96]\], protection against pathogens\[[@B97]\], and improving immune system function\[[@B98]\]. Although few studies have elucidated the potential mechanisms for the beneficial effects of the two Medilac-S^®^ strains specifically (*E. faecium* R0026 and *B. subtilis* R0179), a study by Zhong et al\[[@B99]\], found the probiotic decreased and prevented the growth of various enteric bacterial pathogens and Tompkins et al\[[@B19]\] found both strains to adhere to human intestinal cells (HT-29) in culture.

Research also suggests the gut microflora and, subsequently, probiotics which influence the gut microflora, may play an important role in drug pharmacokinetics\[[@B86],[@B87],[@B100]\]. Gut microflora are a determinant for azo-containing compounds such as SASP and other aminosalicylate pro-drugs\[[@B86]\]. Orally ingested pro-drugs are broken down in the large intestine through a two-step azo-bond reduction mediated by the azoreductase enzyme found in the natural gut microflora\[[@B101]\]. Many probiotic strains, including those found in Medilac-S^®^, also contain the azoreductase enzyme, and a recent unpublished evaluation by one of the authors (TT) demonstrated that the bacterial strains in Medilac-S^®^, particularly the *E. faecium* R0026, *in vitro* facilitate the breakdown of SASP into its active moiety 5-ASA and sulphapyridine.

These findings are consistent with studies, such as Lee et al\[[@B102]\], conducted in animal models which found probiotic administration significantly improved the breakdown of SASP to 5-ASA and sulphapyridine. Significant metabolic breakdown of SASP was not observed in a 2010 study by Lee et al\[[@B103]\] evaluating the influence of a 9 × 10^8^ CFU multi-strain probiotic (*Lactobacillus acidophilus*, *Bifidobacterium lactis* and *Streptococcus salivarius*) in patients suffering from rheumatoid arthritis. However, the probiotic was given only twice daily for a short one-week treatment period. Therefore, further exploration on the mechanism of action of probiotics and the natural gut microflora in the breakdown of pro-drugs such as SASP is required, with different treatment dosages and durations reviewed.

Limitations
-----------

We cannot rule out the potential for some risk of bias amongst included studies and possible publication bias, however, results concerning publication bias should be considered exploratory because neither unpublished literature nor the potentially missing articles were located. Most studies presented an unclear risk of bias in assessed categories, such as techniques for randomization, allocation concealment, and the blinding of participants or study personnel. Some included studies also demonstrated a high risk of bias in reporting because results were either reported without pre-specification or expected outcomes failed to be included. We hypothesize this style of reporting is a result of the guidelines and trends in China\[[@B104]-[@B107]\].

Furthermore, the use of Chinese diagnostic guidelines from different years of publication, which are appropriate and independently validated in their own right, results in diagnostic techniques and testing scales which are not completely uniform or analogous to the more commonly seen Western guidelines. Finally, in reporting the efficacy of different drug-probiotic combinations, results indicated SASP outperformed mesalazine, however, due to the limited number of studies using balsalazide and olsalazine, further evidence is required to draw firm conclusions on other Medilac-S^®^ and aminosalicylate combinations.

In conclusion, moderate-quality evidence, as seen by improvements in the Sutherland index, endoscopy and histology scores, a decrease in patient-reported clinical symptoms of UC (abdominal pain, diarrhea, tenesmus and blood/mucous in the stool), and a decrease in AEs suggests Medilac-S^®^, in conjunction with conventional aminosalicylates, is effective in inducing clinical remission of UC and improving symptoms of the GI tract in Chinese populations. Therefore, for this application, this probiotic should be considered as best practice for standard care in clinical practice. Additional work is required in non-Chinese populations to substantiate its use. Further analytical evidence is also required to determine the benefit of Medilac-S^®^ combination therapy for the maintenance of UC remission.

Due to the unknown risk of bias amongst many study categories, more robust and well conducted RCTs are needed to draw further conclusions about which combination of Medilac-S^®^ and conventional UC treatment is most effective. Future studies should also attempt to evaluate the impact on SASP, SP and 5-ASA levels with varying Medilac-S^®^ dosages. It is suggested that authors of clinical studies in China include more detailed information on the study design and technique implementation for future clinical trials, particularly when tracking the maintenance of symptom remission, to further improve upon study quality.

ARTICLE HIGHLIGHTS
==================

Research background
-------------------

Ulcerative colitis (UC), an inflammatory bowel disease (IBD) of the colonic gastrointestinal tract, is steadily increasing across the globe, particularly in Asian countries such as China, where rapid industrialization and urbanization are contributing factors to the growing onset. Mild-to-moderate UC is the most prevalent amongst diagnosed cases, and although targeted pharmacological therapies, such as aminosalicylates, have been at the forefront of UC therapy, growing evidence suggests the integral role of intestinal microflora in UC pathogenesis. Subsequently, researchers are interested in the use and development of alternative therapies, such as probiotics, for the management and treatment of this colonic disease. This systematic review and meta-analysis addresses the use of a probiotic product, Medilac-S^®^, as adjunctive therapy for the induction of clinical UC remission and improvement of UC symptoms in a defined Chinese population, through the evaluation of 53 randomized, controlled trials (RCTs). Past reviews of probiotics for the induction of UC remission have described the positive effects of probiotic combination therapy in patients, however, many of these reviews demonstrated significant variability in study populations and probiotic treatments, making it difficult to interpret results accurately. This study therefore aims to provide a more focused analysis through the evaluation of one disease state, one probiotic and one population.

Research motivation
-------------------

The incidence of UC has increased rapidly around the globe and although current pharmacological therapies elicit high response rates, they also present high-risk side effects or adverse events (AEs), growing rates of non-adherence and high costs to patients. Growing evidence also illustrates the important role of gut microflora in UC pathogenesis and the influence of the intestinal microbiome on drug pharmacokinetics. Therefore, it is important to identify treatments, such as probiotics, which can mediate the gut microflora to improve symptoms of UC and also improve responses to currently available therapies, whilst mitigating potential side effects.

Research objectives
-------------------

Our primary objective was to conduct an up-to-date systematic review and meta-analysis to assess the efficacy of Medilac-S^®^ as an adjunctive to conventional oral drugs for the induction of UC clinical remission within a Chinese population. One prior systematic review and meta-analysis, published by Hu et al, had, to date, discussed the efficacy of the probiotic Medilac-S^®^ on the induction and maintenance of remission in UC patients. However, since its publication, a large number of new studies had been published and remained to be evaluated in a meta-analytic setting. In this review, we assessed 53 RCTs which highlighted the efficacy of the probiotic Medilac-S^®^, in combination with conventional aminosalicylates, to induce UC clinical remission within a Chinese population, improve UC symptoms and decrease AEs. This supports suggestions of the important role of the gut microbiome in the modulation of IBDs and presents a new potential treatment to mitigate the effects of the microflora on worsening UC symptoms.

Research methods
----------------

The review protocol was registered in PROSPERO and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were followed for the review to ensure up-to-date methodology and study reasoning. Nine databases, both English and Chinese, were searched from 2000 to 2017, unrestricted by language or trial size to identify RCTs evaluating the therapeutic effects of Medilac-S^®^ combination therapy with conventional aminosalicylate drugs in the treatment of UC within a Chinese population. If the study met the inclusion criteria, then outcome data extraction and assessment of both study quality and risk of bias was independently performed by two authors. Any disagreement was resolved by discussion and if consensus could not be reached, a third author was addressed. The included studies were evaluated on clinical remission, changes in patient-reported clinical symptoms, maintenance of remission and relapse rate, Sutherland index, endoscopic score, histological score and AEs. Meta-analysis was conducted on each outcome of interest using a fixed effect or a random effect model, depending on the significance of the heterogeneity. For dichotomous outcomes (*e.g*., clinical efficacy), risk ratios (RR) were calculated while the mean difference was used for continuous variables (*e.g*., histology scores). CIs were calculated at 95% and, when possible, the type of the conventional drug was applied as a moderator in the model of analysis. The overall quality of evidence supporting the outcome was assessed through the use of the Cochrane Collaboration tool and a risk of bias analysis was conducted on each study. The risk of bias parameters included the type of randomization method, allocation concealment, blinding of participants, personnel and outcome assessments, incomplete outcome data, selective reporting and other sources of bias. Additionally, selective reporting (reporting bias) and other types of bias were also considered. The potential for publication bias across studies was analyzed using the rank correlation test Kendall's Tau, which tested for asymmetry in a funnel plot showing the relationship of the effect size \[log (RR)\] and its standard error (SE) among studies.

Research results
----------------

Fifty-three studies involving 3984 patients were identified and included in the systematic review. Forty-five studies were analyzed for the primary outcome of clinical remission and results demonstrated that combination Medilac-S^®^ therapy is significantly more effective than conventional drug therapy alone (RR = 1.21, CI: 1.18-1.24, *P* \< 0.0001). Moreover, sulfasalazine (SASP) outperformed mesalazine as a concomitant drug. Further meta-analysis also provided evidence that the combination of Medilac-S^®^ significantly improved the Sutherland index score (*P* \< 0.05), endoscopic score (*P* = 0.0001), histological score (*P* \< 0.0001) and the number of patient reported symptoms (*P* \< 0.0001), which include, abdominal pain, tenesmus, blood and mucous in stool, and diarrhea. The proportions of individuals who received combination therapy and complained of the aforementioned symptoms were 44%, 53%, 40% and 47% respectively of the proportion of individuals in the control group reporting the symptoms. The test for difference in the RR with different drugs also revealed that SASP in combination with Medilac-S^®^ is more effective than mesalazine as a concomitant drug. The meta-analysis comparing the number of AE's found that addition of Medilac-S^®^ to conventional drug plays a role in significantly reducing (*P* = 0.0175) AE incidence, with the proportion of individuals in the treatment arm reporting an AE estimated to be 72% of the proportion of individuals reporting an AE in the control arm. Due to the insufficient data to evaluate relapse rate as a function of follow-up time, a descriptive analysis was conducted on the maintenance of remission. It was found that 80% (8/10) of the studies presenting the outcome showed that the recurrence rate of UC was significantly lower in the Medilac-S^®^ combination group. The quality and risk of bias amongst included studies found the majority of the studies presented a low risk of attrition bias, reporting bias and other potential sources of bias. However, failure to report the methods for randomization or implementation of blinding resulted in unclear risk of bias evaluations. Thus, evidence from studies is considered of moderate-quality. Since no restrictions on the severity of UC were made, this confounding factor was not considered in the analysis because of the very limited number of studies with severe UC patients. Additionally, due to the limited number of studies which included the aminosalicylate drugs olsalazine and balsalazide, sub-analysis could not be conducted to compare their efficacy as concomitant medications.

Research conclusions
--------------------

This systematic review and meta-analysis is the most up-to date, comprehensive review evaluating the effectiveness of probiotic Medilac-S^®^ adjunctive therapy in treatment of UC. It critically examined currently available data and found evidence that Medilac-S^®^ as adjunctive therapy to conventional oral aminosalicylate medications significantly increases UC clinical remission and leads to improvements in the Sutherland index, endoscopy and histology scores, patient-reported clinical symptoms, and AEs. Although review has provided further insight to the global community on the application of this probiotic therapy for inducing symptom remission, further analytical evidence is also required to determine the benefit of Medilac-S^®^ combination therapy for the maintenance of UC remission. The uniformity in study design of the included studies, such as *per os* administration of Medilac-S^®^ and concomitant therapies, minimizes the heterogeneity of medication delivery method across studies and facilitates a more applicable future global clinical application due to ease of practical use. The most effective combination: Medilac-S^®^ with SASP, was also identified through sub-analysis presented in this review. In addition, it was concluded that Medilac-S^®^ has significant effect in reducing the incidence of AEs in UC treatment and thus, indicates another option for patients with low tolerance of conventional drug treatments. This new finding is of importance because the side effects and tolerance of the anti-inflammatory drugs in UC treatment is a big concern of both physicians and patients and the previous studies have shown conflicting results in the function of probiotics in reducing the occurrence of AEs. This meta-analysis has great value for clinicians as evidence from this study implies that Medilac-S^®^ in conjunction with conventional oral therapy, predominantly, SASP, should be considered as standard care for UC in the Chinese population.

Research perspectives
---------------------

Through the use of a focused meta-analysis and sub-analyses, evaluating Medilac-S^®^ for UC remission within the Chinese population, heterogeneity across studies was limited, which allowed for greater accuracy when defining results. Although evidence from the study suggests the incorporation of Medilac-S^®^ into standard UC therapy for Chinese populations, future studies should aim to conduct additional work with the probiotic in non-Chinese populations to substantiate its use. Additional research can also be conducted to evaluate variables of Medilac-S^®^ treatment such as optimal treatment dosage and treatment duration in participants with varying levels of UC severity. In addition, future Chinese clinical trials evaluating probiotics are recommended to use large sample sizes and incorporate rigorous study design methodology, which includes reporting of blinding, the techniques for randomization and allocation concealment, as it limits risk of bias, and will aid researchers in drawing firmer conclusions on the benefits of probiotics, like Medilac-S^®^ for IBD.
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